1. Introduction {#s0005}
===============

In 1989, the National Library of Medicine (NLM) filed a "visualization plan". Afterwards, a male and female VHP dataset were successfully collected in 1994 and 1996, respectively in order to establish a database of human body structure images, which has created a new era of visual human research \[[@bb0005],[@bb0010]\]. Since then, countries including South Korea, Japan, and China have started digital virtual human research; meanwhile, virtual human research has extended to virtual physiological human and physical human \[[@bb0015],[@bb0020]\]. The study of human internal anatomy by visualizing the three-dimensional reconstruction of human body data indicates the development of surgery from the era of traditional anatomy into the era of digital anatomy, and from "digital virtual human" to "digital medicine" for clinical diagnosis and treatment.

Since CT was applied to clinic in 1972, its equipment and technology have continued to evolve \[[@bb0025]\]. From conventional CT and spiral CT to multi-slice spiral CT, CT scanning speed and resolution have been significantly improved. Meanwhile, medical digital image and communication (DICM) workstations have been used to process a large amount of image data for three-dimensional reconstruction and angiography imaging, cardiac imaging, cerebral perfusion imaging, etc. \[[@bb0030],[@bb0035]\]. From the three-dimensional reconstruction of traditional two-dimensional CT images, virtual simulation surgery and three-dimensional physical printing to virtual reality technology and real-time navigation of fluorescent images, all of these are the innovative development of modern digital medical imaging technology, which have changed the common use of palpation and vision in liver surgery to determine the boundaries between normal tissue and cancer tissue \[[@bb0040]\]. The Cleveland Medical Center released "2019 Top 10 Medical Innovations" at its 2018 Medical Innovation Summit, which includes artificial intelligence, 3D -printing, and virtual and mixed reality in digital medicine. The development of liver surgery is based on the anatomical study of the hepatic vascular system (hepatic artery, hepatic vein, portal vein and biliary system). Its breakthrough point is to grasp the complexity and variability of the internal structure of the organ. Digital medical intelligent diagnosis and treatment technology has exerted tremendous impetus on the development of liver surgery, promoting liver surgery into the era of "intelligence".

Therefore, it is important for surgeons to accumulate the basic knowledge of intelligent diagnosis and treatment technology of digital medicine ([Fig. 1](#f0005){ref-type="fig"}) and to learn how to apply it into clinical practice. This paper introduces seven aspects of digital medicine intelligent diagnosis and treatment technology: (1) 3D visualization and virtual simulation surgery; (2) 3D printing; (3) virtual reality; (4) molecular fluorescence imaging technology; (5) artificial intelligence-imaging omics; (6) navigation technology for abdominal surgery; (7) new tumour imaging technology-photoacoustic imaging. Meanwhile, their limitations and future impact on surgeons are also introduced.Fig. 1Intelligent diagnosis and treatment technology of digital medicine.Fig. 1

2. Digital imaging technology {#s0010}
=============================

2.1. Three-dimensional visualization and virtual simulation surgery {#s0015}
-------------------------------------------------------------------

In 1998, Professor Marescaux \[[@bb0045]\] pointed out that three-dimensional visualization of organs helps us to understand the complex anatomy of the liver. The use of virtual reality concept for surgical planning, surgical simulation as well as medical training and education will revolutionize the development of liver surgery in the 21st century. Though the development of modern imaging technology has promoted that of liver surgery, surgeons still have to rely on two-dimensional images provided by B-ultrasound, CT, MRI, etc., as well as on their experience and abstract thinking to form a three-dimensional cognition of the spatial structure of diseases. However, this cognition is sometimes inaccurate and vague, and even affects the selection of surgical method. Through three-dimensional reconstruction and analysis of the CT data, surgeons can stereoscopically and comprehensively observe the location, shape and size of lesions to better preoperative planning \[[@bb0050],[@bb0055]\]. It helps to observe the spatial relationship between tumour and intrahepatic ducts stereoscopically and multi-angle, identify the anatomy and variation of vascular system accurately, perform simulated surgery with surgical simulated software preoperatively, adjust the liver pre-cut surface and calculate the residual liver volume so as to determine the optimal surgical plan. Meanwhile, three-dimensional reconstruction images can comprehensively reflect the pathological changes of the lesion to guide surgeons to identify lesions intraoperatively, which can shorten the operation time, reduce the resection scope and reduce the amount of bleeding \[[@bb0060], [@bb0065], [@bb0070]\]. There is controversy about the selection of surgical methods for central liver cancer. Based on the location of tumour, Fang et al. proposed a three-dimensional visual classification of central liver cancer, and then constructed a platform for three-dimensional visual diagnosis and treatment of it. The three-dimensional visualization and individualized simulation surgery provide a safe and effective treatment method for central liver cancer \[[@bb0075]\]. A case of patient with centrally located hepatocellular carcinoma is presented in [Fig. 2](#f0010){ref-type="fig"}. Initially, this patient was considered inoperable according to the findings of two dimension CT images; however, 3D images re-evaluated the patient\'s remnant liver volume and found it was enough to operate. Based on 3D printing model and virtual reality, we observed the spatial position relationship between the huge tumour and blood vessels in the liver in a more stereoscopic and intuitive way, and found that the tumour did not invade the main blood vessels. Finally, we decided to perform mesohepatectomy. Hepatectomy guided by three-dimensional visualization is a safe and effective method for the treatment of intrahepatic cholelithiasis. Three-dimensional reconstruction images can clearly show the stereoscopic morphology, hypertrophy, and atrophy of the patient\'s liver, dilatation or stenosis of the intrahepatic bile duct tree; so it is beneficial for the selection of optimal surgical path, thus improving the success rate of operation and reducing the residual rate and recurrence rate of calculus \[[@bb0080], [@bb0085], [@bb0090], [@bb0095]\]. The special anatomical structure and infiltrating growth pattern of hilar cholangiocarcinoma are important factors influencing surgical decision-making. Three-dimensional visualization technology helps to clearly understand the complex anatomy of the hilar and quickly identify important anatomical variations, objectively display suspicious sites of tumour invasion of blood vessels, and prepare for intraoperative revascularization. On the basis of radical resection, functional liver volume is preserved to prevent postoperative liver failure \[[@bb0100],[@bb0105]\]. The limit point of portal vein separation under normal conditions refers to the extreme site in which the bile duct can be separated from the parallel portal vein and hepatic artery during hepatectomy \[[@bb0110]\]. At this limit point, the upper bile duct cannot be separated and cut off alone. In the case of portal vein variation, the portal vein separation limit point will move forward or downward. Identification of variations in intrahepatic vascular structure is particularly important for determining the location of the hepatic resection limit point \[[@bb0115]\]. A new non-invasive method for portal vein pressure measurement may appear when the portal vein three-dimensional model is combined with hydrodynamic theory \[[@bb0120], [@bb0125], [@bb0130]\]. Moreover, virtual hepatectomy provides an opportunity for radical hepatectomy, even for liver cancer patients with impaired liver function and colorectal cancer liver metastases with advanced tumors. In living liver transplantation, virtual hepatectomy can improve the success rate of operation by optimizing donor selection and venous reconstruction, as well as balancing the relationship between the recipient and the donor \[[@bb0135]\].Fig. 2A case of centrally located hepatocellular carcinoma. Thin-layer CT image is segmented, reconstructed and optimized to generate 3D model; 3D model data are imported into 3D printer, and 3D physical model of hepatic vascular and liver tumour is printed layer by layer and then reconstructed; 3D model data are imported into and displayed in virtual reality.Fig. 2

At present, three-dimensional reconstruction and simulation surgery software with independent intellectual property rights have been developed. Virtual hepatectomy are performed with three-dimensional reconstructed models and the volume of hepatectomy is calculated. These preoperative planning data are used for intraoperative real-time guidance, which makes liver surgery safer and more standardized \[[@bb0075], [@bb0080],[@bb0140], [@bb0145], [@bb0150]\]. 3D reconstruction and virtual simulation surgery have played an important role in reducing the right hepatectomy, retaining more residual liver volume, and expanding indications of liver surgery in some patients who may not have considered surgery \[[@bb0155],[@bb0160]\]. Because of the retrospective nature and heterogeneity of patients, it is vital to design high-quality multicenter randomized controlled trials to evaluate its effect on liver surgery \[[@bb0165]\]. More randomized controlled trials help strengthen the evidence base and assist in the selection of suitable cases. In addition, 3D image assisted surgery is not only used in liver surgery, but also widely used in other surgical fields ([Table 1](#t0005){ref-type="table"}).Table 13D reconstruction in other surgical fields.Table 1Fields of surgical applicationPractical examplesPancreatic surgery \[[@bb0170], [@bb0175], [@bb0180]\]Assess the resectability of pancreatic tumors, in addition to schedule optimal surgery planning for vasculature reconstruction.Vascular surgery \[[@bb0185], [@bb0190], [@bb0195]\]1. Constructing the abdominal aortic aneurysm simulating surgery training platform for junior doctors not only improve their essential surgery skills but also shorten their learning curve.2. Evaluate the feasibility and efficacy of trans-jugular intrahepatic portosystem shunt (TIPS).Breast surgery \[[@bb0200]\]Establish and optimize the surgery schedule for breast cancer, meanwhile, providing the plannings for three-dimensional breast reconstruction.Orthopedics \[[@bb0205], [@bb0210], [@bb0215]\]1. The 3D printing physical models improve the feasibility and efficacy of surgical treatment for complex tibial plateau fractures (ORIF).2. 3D printing technique instruct plate assisted hollow screw fixation for unstable pelvic fractures.3. Application in the treatment of ankle fracture, segmental bone defect, orthosis, orthopedic and reconstruction.Plastic surgery \[[@bb0220],[@bb0225]\]1. Aiding the surgery planning for silicone implants that aim to correct the thoracic deformities caused by Polish syndrome.2. Providing a novel surgical planning approach for surgeons to operate reconstruction surgery after maxillary or mandibular resection.

2.2. 3D printing {#s0020}
----------------

Three-dimensional reconstruction images can well display the three-dimensional relationship among important blood vessels, biliary tract structures and liver parenchyma, but the three-dimensional images on a two-dimensional computer screen still lack authenticity. Due to the lack of reliable liver surface markers, the intraoperative use of three-dimensional images to guide surgery is still difficult. Meanwhile, morphological changes caused by liver traction and breathing movement have been the main limitations for the use of three-dimensional images during surgery and the use of high-precision 3D printed model is expected to overcome these difficulties. In 2013, Zein et al. \[[@bb0230]\] first reported the use of 3D printing technology to print out a translucent liver three-dimensional model. Three living liver transplantations have been successfully implemented. The intraoperative adjustment of 3D printing model in real-time is helpful for the anatomical location of the key site, the vascular structure treatment of the liver section and the reduction of the operation time and postoperative complications. High-precision 3D printed models can truthfully reflect the spatial relationship of important blood vessels and biliary system with liver \[[@bb0235]\]. For infant living liver transplantation, 3D printing technology can further improve the accuracy and safety of surgery and expand its indications \[[@bb0240]\]. During liver tumour resection, 3D printed model is brought into the operating room, and then adjusted in the optimal anatomical position. By the comparison with the intraoperative real-time surgery, intuitive real-time navigation for key surgical steps can be provided. The model can also be placed in a sterilized transparent bag and placed in the operating area for comparison with the liver. 3D printing technique can be used to guide the resection of middle lobe tumors and small hepatocellular carcinoma lesions that cannot be detected by intraoperative ultrasound \[[@bb0245], [@bb0250], [@bb0255]\]. It has improved the surgeon\'s understanding of liver anatomy and is beneficial to the improvement of hepatectomy techniques.

3D printing technology has realized a leap-forward transition from three-dimensional images to three-dimensional physical models, which may bring more in-depth information and spatial realism of anatomical structure. However, the material, time, cost and ethical issues of 3D printing have limited the clinical application of 3D printing technology to a certain extent \[[@bb0260]\]. With the development of biomaterials, the cost of 3D printing materials will continue to decrease, which will promote the widespread use of 3D printing technology \[[@bb0265]\]. At the same time, the functional model of biological 3D printing can construct artificial tissues with physiological functions. Hopefully, it can solve the problem of donor shortage in transplant surgery, which is worthy of attention and expectation \[[@bb0270],[@bb0275]\].

2.3. Virtual reality {#s0025}
--------------------

Advances in three-dimensional reconstruction image processing technology have transformed liver two-dimensional image data into three-dimensional stereoscopic models, and three-dimensional reconstructed image can be restored to real physical model by 3D printing technology. However, it is still very difficult to connect three-dimensional reconstruction images or three-dimensional physical models to the actual operation process. There is still a separation of space and time at this stage, which leads to insufficient synchronization, resulting in hand-eye disharmony \[[@bb0280]\]. As a method of displaying complex images, virtual reality (VR) technology simulates the real scene in a virtual environment by a computer. Surgeons immersed in the virtual environment can look around the operating room as usual and perform visual operation and interaction by browsing virtual menu and switching image data. Moreover, other clinical data can also be visualized \[[@bb0285]\]. In an immersive virtual reality environment, virtual anatomical information interaction is interacted to provide learners with a realistic three-dimensional learning environment that enables surgeons to overcome the difficulties of mastering complex anatomical structures and to clearly understand the spatial relationships among portal veins, hepatic veins, hepatic arteries and hepatic segments, all of which are the basis for surgical treatments of the liver diseases \[[@bb0290],[@bb0295]\]. A randomized controlled trial shows that virtual reality simulated surgery training can help beginners master the basic skills of laparoscopic cholecystectomy, shorten the learning curve and surgery time \[[@bb0300]\]. As the further development of virtual reality technology, augmented reality technology and mixed reality technology have been widely used in medical field. In liver surgery, the augmented reality technique is to reconstruct the three-dimensional images of liver and intrahepatic vascular system by using computed tomography and magnetic resonance imaging data. These superimposed virtual images can help surgeons to concretize and visualize the intrahepatic structure, thus achieving accurate operation and improving the surgical effect \[[@bb0305]\]. For laparoscopic hepatectomy, visual and tactile feedback is essential for accurate evaluation of complex intrahepatic anatomical structures. Augmented reality can project three-dimensional visual liver models into the surgical area and achieve accurate registration in the coverage area. These superimposed virtual images can help to solve the problem of hand-eye disharmony in laparoscopic surgery \[[@bb0310], [@bb0315], [@bb0320]\]. The mixed reality presents the information of the virtual scene in the real environment, and sets up an interactive feedback information loop between the real world, the virtual world and the user, in order to enhance the users\' experience of reality. The application of mixed reality in abdominal surgery is still in its infancy. Introducing this new method to display three-dimensional anatomical models near the site of surgery can reduce the deviation between operation space and visualization \[[@bb0280]\].

Three-dimensional visualization is the first step in creating a virtual immersion. By automatically blending different images, surgeons can provide a coherent and multi-modal virtual view of the changing surgical scene \[[@bb0325]\]. The application of virtual reality, augmented reality and mixed reality provides a new solution to reduce the gap between the three-dimensional reconstruction model and the actual operating space. It has obvious advantages and broad prospects in many aspects, such as preoperative planning, intraoperative navigation, surgical education and doctor-patient communication, etc. \[[@bb0330]\].

2.4. Indocyanine green molecular fluorescence imaging technique {#s0030}
---------------------------------------------------------------

How can we precisely demarcation the tumour boundary? This is a significant scientific issue. What is more，how to achieve radical resection? This is a universal clinical need. Indocyanine Green-mediated near-infrared light detection is widely used in surgical navigation \[[@bb0335]\]. Based on the near-infrared fluorescence characteristics of ICG molecules, ICG molecular fluorescence imaging has obvious advantages in liver tumour boundary demarcation, minimal lesion detection, intraoperative real-time navigation and portal vein drainage area identification \[[@bb0340]\]. Ishizawa et al. \[[@bb0345]\] applied ICG molecular fluorescence imaging in liver cancer resection to identify small lesions or lesions that are indistinguishable to the naked eyes in real time with high sensitivity, thus achieving radical resection of the tumour. A case of left hemi-hepatectomy in a patient with left hepatic cholangiocarcinoma is shown in [Fig. 3](#f0015){ref-type="fig"}. Although two-dimension CT cannot display the location of tumour and dilated intrahepatic duct, 3D images and virtual reality could do that and provide surgeons clearer information. Besides, in contrast with just using the middle hepatic vein or ultrasound as the guide for the transection plane, ICG fluorescent dye can stay in the liver for a long time, and the staining will not be removed during the process of liver parenchyma dissection. This dynamic observation can be carried out throughout the operation, and the direction of liver resection can also be adjusted and corrected according to the fluorescence boundary of liver parenchyma. According to the fluorescence morphology of the specimen, the degree of tumour differentiation can be preliminarily distinguished. The low-differentiated liver cancer tissues or metastatic cancer tissues show circular fluorescence around the cancer tissue; while the moderately differentiated liver cancer tissues show partial fluorescence signal; the well-differentiated liver cancer tissues show full fluorescence signal \[[@bb0350]\]. Satou et al. \[[@bb0355]\] first used ICG molecular fluorescence imaging technique to detect the extrahepatic metastases of primary liver cancer in order to identify and locate the extrahepatic metastases. The technique can also be used to guide the resection of hepatoblastoma \[[@bb0360]\] and to navigate the location of hepatoblastoma lung metastasis lesions, so as to accurately remove the tumour-transferred lung lobe and achieve no residual lesions \[[@bb0365]\]. Abo, et al. \[[@bb0370]\] showed that ICG molecular fluorescence imaging has more advantages than traditional imaging techniques in the detection of liver surface tumors and small lesions. However, this technique has two main disadvantages: (1) when there is ICG excretion disorder caused by obstructive jaundice, liver cirrhosis and liver fibrosis, some interference may occur. It is necessary to judge by combining the comprehensive results of intraoperative pathology to determine specific operation methods. (2) Infrared rays have limited ability to penetrate in human tissues (about 10 mm). In the face of deeper tumors, it is necessary to combine intraoperative ultrasound to improve the detection rate of liver cancer.Fig. 3A case of left hemihepatectomy in a patient with left hepatic cholangiocarcinoma. A: CT showing the location of tumour in the left extrahepatic lobe; B: 3D model based on CT; C: 3D model displayed on Virtual Reality; D: hepatic tangent marked by fluorescent signals; E: left and right hepatic demarcation line; F: tumour not developed under fluorescent.Fig. 3

ICG molecular fluorescence imaging reflects the pathological state of cell molecular level in vivo, and initially realizes the boundary of cell function. During the operation, dynamic observation can be carried out, and the plane of hepatectomy can be adjusted and corrected according to the fluorescence boundary of liver parenchyma, so as to achieve real-time intraoperative navigation. The portal vein staining method produces a fluorescent signal in the target liver lobe or segment, and effectively distinguishes adjacent liver segments and determines the extent of hepatectomy through the fluorescence imaging range to achieve anatomical, functional, and radical hepatectomy \[[@bb0340],[@bb0375],[@bb0380]\]. In addition, living donor liver transplantation can provide long-term survival opportunities for more patients, but postoperative complications are more likely to occur than traditional cadaveric donor livers. ICG molecular fluorescence imaging technology has great potential in guiding biliary reconstruction, preventing biliary stricture, and preventing liver failure during liver transplantation \[[@bb0385]\].

ICG molecular fluorescence imaging can provide surgeons with real-time feedback. With the further development of clinical practice and technological innovation, ICG molecular fluorescence imaging technology will continue to improve. It shows a good application prospect for accurate diagnosis and treatment of liver diseases \[[@bb0390]\].

2.5. Artificial intelligence-radiomics {#s0035}
--------------------------------------

Deep learning based on artificial neural network expands the scope of artificial intelligence in medical field. The research of Radiomics of deep learning is one of the most popular research fields at present. The concept of Radiomics was put forward by Dutch scholar Lambin et al. \[[@bb0395]\] in 2012.The connotation of Radiomics is to realize tumour segmentation, feature extraction and model establishment through means of high-throughput machine learning, automatic quantitative analysis of image data such as CT, MRI and PET, and then carry out deeper mining, prediction and analysis to transform image information into high-dimensional data to improve medical decision-making. The flow of image processing is summarized in [Fig. 4](#f0020){ref-type="fig"}. Simpson et al. \[[@bb0400]\] used the conventional CT image to extract the features of radiomics to analyse the texture of preoperative CT images of patients with liver metastases from colorectal cancer undergoing hepatectomy. It was found that the texture analysis results of pixel changes in CT images were related to the occurrence of liver dysfunction after hepatectomy. In CHESS1701 trial, a new measurement method of radiomics-based hepatic venous pressure gradient (*r*HVPG) based on imaging features was developed to provide an accurate and non-invasive method for the measurement of hepatic venous pressure in cirrhotic patients with clinically significant portal hypertension (CSPH) \[[@bb0405]\]. A prospective multi-centre study has shown that in-depth learning imaging with ultrasound elastography can significantly improve the diagnosis of hepatic fibrosis in chronic hepatitis B, and has a certain practical value for non-invasive accurate diagnosis of hepatic fibrosis staging \[[@bb0410]\]. In primary liver cancer, the characteristics of Radiomics constructed after extracting features from liver CT images are included in routine clinical factors to predict the early recurrence of the tumour after hepatectomy, which is important for early postoperative intervention \[[@bb0415]\]. Radiography is an important direction for digital medicine to play a role in preoperative prediction, which needs to be verified by further laboratory and multi-centre research results. Although radiology analysis is expected to improve the accuracy of diagnosis, prognosis evaluation and therapeutic effect prediction, as an emerging subject, it still faces a great challenge in clinical application \[[@bb0420]\].Fig. 4Flow chart of image acquisition and segmentation, feature extraction and quantitative analysis.Fig. 4

2.6. Abdominal surgery navigation technology {#s0040}
--------------------------------------------

With the development of computer technology and imaging technology, "navigation" has been extended from the global positioning system (GPS) to the field of surgery or sub-surgery, which is called surgical navigation technology. The collection of multi-disciplinary image-guided surgery techniques has evolved along with the development of various related disciplines. Accurate surgical navigation can better guide surgeons to perform surgery and improve the safety of surgery \[[@bb0425]\]. Surgical navigation technology means that doctors can visualize patient\'s pre-operative multi-modal image data by using medical imaging equipment and computer image processing methods before operation. The rapid registration procedure is used to accurately match the anatomical structure of the patients during the operation, and the position of the surgical instruments in the space is acquired and displayed in real time by using the three-dimensional positioning system. By observing the relative position between the surgical instruments and the diseased sites in the 3D model, surgeons conducted accurate surgical navigation accurately corresponds to the anatomy of the intraoperative patient through a rapid registration procedure \[[@bb0430]\]. Unlike orthopedics and neurosurgical navigation, surgical navigation for abdominal surgery belongs to non-rigid registration. Surgical procedures, liver deformation, and respiratory movements can change image quality.

How can we simulate the deformation of anatomical structure during operation? How can we achieve real-time simulation while ensuring accuracy? Respiratory movement and soft tissue deformation are important problems in navigation for abdominal surgery. ICG fluorescence imaging technology provides real-time anatomical images for hepatobiliary surgery. Combined with image projection technology, the three-dimensional image of preoperative planning can be projected onto the liver surface to accurately identify anatomical markers, which can achieve real-time three-dimensional navigation. With the renewal of instruments and equipment and the progress of technology, laparoscopic hepatectomy has been popularized and developed rapidly. It has great potential to integrate ICG images with laparoscopic system in the near future \[[@bb0435]\]. The addition of augmented reality and mixed reality technology makes the anatomy of the surgical area clearer and provides another solution for intraoperative real-time navigation \[[@bb0440]\].

2.7. New tumour imaging-photoacoustic imaging {#s0045}
---------------------------------------------

Most of the traditional tumour imaging devices can only describe the shape of the tumour, but cannot achieve precise boundary definition of the tumour in vivo. How can we precisely define the living boundary of tumour? This is a key scientific issue and a hot topic of current research. Photoacoustic imaging (PAI), as a new non-invasive imaging method, combines the characteristics of high contrast and spectral recognition of optical imaging, as well as the characteristics of ultrasound imaging with high resolution at large penetration depth. The tumour boundary is defined from the molecular, cellular and microvascular levels to achieve high-precision and cross-scale photoacoustic microscopy imaging to guide the accurate diagnosis of tumors \[[@bb0445]\]. Photoacoustic imaging technology has shown great potential in clinical and biomedical research. Multi-spectral photoacoustic tomography (MSOT) is a non-invasive and quantitative assessment of intestinal hemoglobin levels, with the potential to distinguish between active Crohn\'s disease patients and remission patients, avoiding more invasive procedures \[[@bb0450]\]. Compared with ultrasound and X-ray molybdenum target imaging, MSOT can find the characteristic of peripheral blood vessel abundance in breast cancer tissue with high resolution \[[@bb0455]\]. Aguirre et al. \[[@bb0460]\] obtained the hyperfine structure of skin by using raster scanning photoacoustic imaging (RSOM) and comparatively analysed the structural difference between normal skin and psoriasis skin, and visualized the morphological and vascular morphology of the dermis and dermis of patients with psoriasis. Thus, inflammation and other biomarkers of psoriasis can be quantified. At present, the application of photoacoustic imaging technology in the definition of hepatocellular carcinoma is mainly focused on specific molecular probes \[[@bb0465]\]. The combination of photoacoustic-fluorescence dual-mode probe can realize preoperative photoacoustic diagnosis and intraoperative fluorescence real-time navigation \[[@bb0470], [@bb0475], [@bb0480]\]. It is a great challenge to realize the transformation of basic research into clinical applications.

3. Prospects {#s0050}
============

Digital medicine is a new interdisciplinary subject that combines modern medicine with digital and intelligent high-tech. It covers many fields, such as medicine, computer science, mathematics, informatics, mechanical engineering. Like many new technologies, intelligent diagnosis and treatment of digital medicine still has much to be continuously improved and developed. The limitations of 3D visualization technology cannot be ignored: 3D model images cannot replace the original two-dimensional image data, and for some complex diseases, the production process depends on manual segmentation. If the operator\'s understanding of the anatomical structure or the determination of the extent of the lesion is insufficient, then the situation reflected on the model image is significantly different from the reality. Therefore, to achieve a comprehensive evaluation of the disease, on the one hand, the 3D model maker needs rich clinical experience; on the other hand, it needs to combine the original 2D image when using it. Three-dimensional and two-dimensional comparisons are needed repeatedly to avoid being misled by the deviation of the model \[[@bb0485]\].

In order to standardize the use of 3D visualization and 3D printing technology, the Digital Medical Society of the Chinese Medical Association has reached a consensus on the use of 3D visualization techniques for accurate surgery for complicated liver cancer, hilar cholangiocarcinoma, and hepatolithiasis \[[@bb0490],[@bb0495]\]. However, based on the consensus of experts, the strength of evidence-based medical evidence needs to be improved. As the standard of clinical guidelines, randomized controlled trials are relatively rare in the field of digital medicine, mainly because the costs of such trials are far higher than the risks associated with the application of digital technology. On the other hand, both the continuous improvement of surgical instruments and the improvement of surgical operation level are the key factors limiting clinical trials. Designing high-quality multi-centre randomized controlled trial data to assess the impact of digital medicine on surgery. In addition, *Digital Liver Surgery*, *Digital Pancreas Surgery* and *Digital Biliary Surgery* were published to guide the clinical diagnosis and treatment of hepatopancreatic diseases. Meanwhile, further scientific verification is needed in the following popularization.

With the rapid development of modern digital information technology in the 21st century, digital medicine has broken through the traditional diagnosis and treatment model. Digital imaging technology is expected to significantly improve the effect of liver surgery in the next decade. However, the uncertainties of digital medicine, clinical efficacy and cost-effectiveness issues have also aroused heated discussion. Even though some digital technology has more diagnostic and therapeutic value than traditional technology, the application of digital medical technology in clinical practice may lead to related ethical disputes, and the advancement of technology has also brought many concerns. The potential impact of these technologies on medicine deserves our attention.

4. Conclusion {#s0055}
=============

Preoperative evaluation of liver lesions by 3D reconstruction based on imaging images, virtual simulation surgery and 3D printing is directly related to the decision of the operation plan. The prediction of postoperative complications and recurrence by imaging is helpful to improve the controllability of the operation. ICG molecular fluorescence imaging and abdominal surgery navigation technology have solved the problem that the recognition of lesions in traditional surgery is still based on the direct observation by naked eye or evaluation of preoperative imaging images. Thus, the uncertainty of operation, the complicated decision-making and prolonged surgery are to be solved appropriately. Although the intelligent diagnosis and treatment technology of digital medicine integrates multidisciplinary technology to serve the diagnosis and treatment of clinical diseases, there are still insufficient areas that need to be perfected in continuous practice. In the future, in-depth study of imaging omics, surgical navigation and new photoacoustic imaging technologies will bring new opportunities for the further development of surgery.

4.1. Outstanding questions {#s0060}
--------------------------

Although facing opportunities and challenges, digital intelligent technologies have been widely used in clinical practice like many other emerging technologies. It is vital to design high-quality multicentre randomized controlled trials to assess the effects of 3D image technologies in liver surgery. The outstanding issues includes how to use artificial intelligence-radiomics to demonstrate the individualized accurate diagnosis and treatment giving full play to the risk prediction ability, and how to solve the registration error caused by real-time simulation and organ deformation while ensuring accuracy in the navigation of liver surgery.

4.2. Search strategy and selection criteria {#s0065}
-------------------------------------------

Data for this review were identified by searches of PubMed and Web of Science using MeSH and search terms that relate to the topic. The articles published in either English or Chinese between 1998 and 2018 were included.
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